Developmental differences in cytosolic calcium accumulation associated with surgically induced global ischemia: optimization of cardioplegic protection and mechanism of action.
The effect of cardioplegic solutions with high concentrations of potassium or magnesium (or both) on cytosolic calcium accumulation was investigated with fura-2 in isolated perfused mature (n = 24) and aged (n = 24) rabbit hearts. We compared cytosolic calcium accumulation before ischemia (control), during 30 minutes of ischemia and 30 minutes of reperfusion under global ischemia, or after treatment with potassium (20 mmol/L), magnesium (20 mmol/L), or both. Cytosolic calcium accumulation was increased during global ischemia in the mature heart (from 178.7 +/- 24.2 in the control group to 393.6 +/- 25.5 nmol/L; p < 0.005) and in the aged heart (from 187.4 +/- 18.7 in the control group to 501.0 +/- 46.1 nmol/L; p < 0.005). Potassium reduced cytosolic calcium accumulation during ischemia in both the mature and aged hearts (300.9 +/- 23.2 and 365.2 +/- 27.7 nmol/L, respectively; p < 0.05 vs global ischemia). Magnesium and potassium/magnesium completely controlled cytosolic calcium accumulation in the mature heart (198.7 +/- 27.5 nmol/L; p < 0.01 vs global ischemia and p < 0.05 vs potassium: 182.3 +/- 22.7 nmol/L; p < 0.05 vs global ischemia and potassium, respectively). Magnesium and potassium/magnesium attenuated cytosolic calcium accumulation in the aged heart (261.3 +/- 26.7, 262.3 +/- 25.2 nmol/L, respectively; p < 0.01 vs global ischemia). These changes in cytosolic calcium accumulation correlated with improved post-ischemic ventricular function. To investigate the mechanism(s) of magnesium-supplemented cardioplegic inhibition of cytosolic calcium accumulation, we performed parallel studies (n = 43) using nifedipine, ryanodine, and dimethylthiourea. Nifedipine with or without ryanodine reduced cytosolic calcium accumulation. Dimethylthiourea did not alter cytosolic calcium accumulation during global ischemia. Our results suggest that cytosolic calcium accumulation during global ischemia was mainly increased via the sarcolemmal 1-type calcium channel and the sarcoplasmic reticulum calcium-release channel. The modulating action of potassium/magnesium cardioplegia on cytosolic calcium accumulation during ischemia would appear to act through the inhibition of the myocardial 1-type calcium channel and the sarcoplasmic reticulum calcium-release channel. Senescent cardiac dysfunction correlates with increased ischemia-induced cytosolic calcium accumulation. Magnesium-supplemented potassium cardioplegia ameliorates this age-related phenomenon at normothermia and may have important implications in myocardial protection in the elderly population.